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1990
; Elenbogen et al., 1991; Pattinson et al., 1991; We investigated whether cigarette smoking, measured Rosevear et al., 1992; Sharara et al., 1994 ; follicular fluid concentrations of cotinine (a major meta- Sterzik et al., 1996) . There is, however, no information availbolite of nicotine), affects the maturity of oocytes from able on whether the quality of oocytes is affected. This question women undergoing in-vitro fertilization (IVF) and embryo is addressed in the present study, since the quality of retrieved transfer. In 234 women, follicular fluid samples were oocytes may affect the outcome of IVF-embryo transfer. assessed for cotinine and their 2020 oocytes were assessed For this analysis, data on stage of oocyte maturity and for maturity stage. Data on individual proportions of fertilization were tested for correlation with age and with oocytes which were mature (OM) and were fertilized (OF)
concentrations of cotinine in follicular fluid samples. Cotinine, were analysed by regression in relation to age and follicular a major metabolite of nicotine, is a reliable indicator of recent fluid cotinine. OF gave an independent assessment of oocyte smoking exposure and dose (Benowitz et al., 1983) . It is maturity. Both age and follicular fluid cotinine entered the present in follicular fluid samples of smokers (Weiss and OM and OF regressions and were significant. The ageEckert 1989; Rosevear et al., 1992; Sterzik et al., 1996 ; Zenzes adjusted regression coefficients for log cotinine were posit et al., 1996) and has also been detected in most passive ive; greater cotinine concentrations usually accompanied smokers and a large proportion of women self-reported as greater OM and OF. The cotinine effect on OM was positive non-smokers (Zenzes et al., 1996) . in younger women, but it became negative (decreased OM with increasing cotinine concentrations) in older women ( 40 years). We further found in older women an average Materials and methods reduction of~50% in the number of mature oocytes; this detectable in older women.
The overall mean age of women (ϮSE) was 33.9 Ϯ 0.3 years (range
Introduction
(ii) passive smokers (PS; wife non-smoker, husband smoker; n ϭ In a recent study on the effect of cigarette smoking on the 30); (iii) active smokers (AS; husband may or may not smoke; n ϭ chromosome status of unfertilized oocytes (Zenzes et al., 74) . The mean (ϮSE) ages of these groups were not significantly 1995), we found that the proportion of oocytes in metaphase different (34.4 Ϯ 0.3, 33 .9 Ϯ 0.8 and 33.0 Ϯ 0.4 years respectively).
II, namely those which were mature and gave cytogenetic data, was significantly higher in smoking women than in non- one and 30 cigarettes daily, with a mean (ϮSE) of 9.9 Ϯ 0.7 ular maturation was initiated by injection of 10 000 IU of human (SD 6.0) . The smoking husbands of the PS women (who chorionic gonadotrophin (HCG, Profasi; Serono) when at least two presumably were the major source of exposure to nicotine of follicles reached a diameter of 2 cm with a serum oestradiol these women) also smoked between one and 30 cigarettes/day, concentration of~600-1000 pmol/l. with a mean of 14.3 Ϯ 1.5 (SD 8.4).
The follicular fluid cotinine and log follicular fluid cotinine the number of cigarettes smoked/day was 0.724 (P Ͻ 0.0001).
Follicular fluid samples were centrifuged at 400 g for 10 min. The Table I also shows that the ranges of the cotinine and log supernatants were collected in 1 ml polystyrene cryovials and were cotinine distributions for the three smoking groups overlapped.
frozen at -20°C. Follicular fluid samples were collected between This is seen more clearly in Figure 1 , which shows the June 1995 and April 1996; they were then thawed and used for cotinine assessments.
frequency distributions for log cotinine.
Oocyte numbers

Maturity of oocytes
Oocytes were assessed for maturity stage according to conventional
Of 2183 oocytes retrieved, 2020 were analysable; thus, 7.5% morphological parameters (Veeck, 1986) as follows: (i) respectively. Using the regression equations, the number of retrieved oocytes at age 24 years was estimated to be~12.3, Cotinine assay reducing to~7.0 at age 42 years. For mature oocytes, the Cotinine concentrations were assessed by radioimmunoassay, as values were~7.1 and 3.4 respectively. In contrast, the log described in Zenzes et al. (1996) . The results were expressed as ng/ follicular fluid cotinine value was not correlated with total or ml of follicular fluid. The sensitivity (lowest detectable amount) of mature oocyte number, with or without age in the regression.
the assay was 0.25 ng/ml. Readings less than this were arbitrarily assigned the value of 0.10. The recovery value for cotinine was 92%. increasing proportion of oocytes which were mature with was used for comparing means, and linear regression was used to increasing cotinine concentration, and, concomitantly, to a evaluate relationships between variables. Individual proportions used consistent trend for decreasing proportions of oocytes which in regression were first transformed to arc sines (Snedecor and were of intermediate maturity with increasing cotinine. There Cochran, 1980) and then weighted by individual sample size, i.e.
Maturity stage Data analysis
was no such significant relationship in the older age group.
number of analysed oocytes (Neter et al., 1990) . Logarithms (to base
To examine the effect of cotinine and age more exactly, at 10) of cotinine values were used in statistical calculations because the level of the individual woman, weighted proportions of of the extreme non-normality of the cotinine distribution (Zenzes et al., 1996) .
oocytes which were mature (OM), from individual women, were significant, age at P Ͻ 0.0001 and log cotinine at P ϭ 0.0005. The correlation coefficients of each were again positive; increasing age and increasing cotinine concentration were correlated with greater OM.
Age⍥cotinine interaction effect on OM
Because the age effect was so strong, another term, ageϫlog cotinine, was added to the above regression to test for possible interaction between age and cotinine. Age was again significant (P Ͻ 0.0001), with almost the same regression coefficient (1.362) as before (1.377); log cotinine was significant (P ϭ 0.006), with a positive coefficient (15.241), and the interaction term was significant (P ϭ 0.020), with a negative coefficient (-0.389). Thus the cotinine effect on OM depended partly on age. In particular, using the two cotinine coefficients (log cotinine and ageϫlog cotinine) and noting that their effects were in opposite directions, it was possible to calculate that, when the age is about 15.241/0.389 ϭ 39.2 years, their combined effects on OM will cancel out. Below this age, the combined cotinine effect is positive (OM increases with increasing cotinine) and above this age the combined effect is negative (OM decreases with increasing cotinine). This cotinine effect on OM steadily decreases with increasing age, becoming negative at about age 39 years. This confirmed the finding above (Table II) of a positive cotinine effect on OM only for women aged Ͻ35 years. The fertilization rate was used as an independent and objective measure of oocyte maturity. For this analysis the 30 couples with male factor were excluded. The overall proportion of were regressed separately on age and on log follicular fluid cotinine. Each regression was significant. The correlation with fertilized oocytes was 67.0% (1268/1893). Table III shows the number of fertilized and not fertilized oocytes by log follicular age was 0.69 (P Ͻ 0.0001) and with log cotinine 0.23 (P ϭ 0.019). Therefore, the OM increased with increasing age or fluid cotinine group and age group, using groupings as described above for oocyte maturity. For the Ͻ35 year old increased follicular fluid cotinine. Stepwise weighted individual regression of OM on both age and log follicular fluid cotinine group, there was no effect of cotinine concentration on the proportion of oocytes fertilized (OF). For the ജ35 year old included both variables in the regression; both coefficients marker for recent smoking and dose (Benowitz et al., 1983) . We found that the mean follicular fluid cotinine values for the a χ 2 for the proportions of fertilized oocytes by cotinine concentrations ϭ three smoking groups differed significantly, as previously 2.17 (2 df), which was not significant. b χ 2 for the proportions of fertilized oocytes by cotinine concentrations ϭ reported by Zenzes et al. (1996) . We also found a great overlap 12.86 (2 df), P ϭ 0.0016.
in the distribution of follicular fluid cotinine values of the three smoking groups. A non-smoker may have 100 ng/ml of cotinine in follicular fluid while an active smoker may have 1 ng/ml. These were also the conclusions of our previous study group, however, the χ 2 probability was 0.0016 for an effect (Zenzes et al., 1996) . of cotinine concentration on OF. This effect, however, was not linear, as is shown in Table III .
Smoking effects on OM and OF To explore these effects of cotinine and age more exactly
The tables show a strong positive 'cotinine effect' (i.e. an at the level of the individual woman, as above, weighted effect of smoking detected by cotinine) on OM for women individual OF values were used in regressions. OF regressed Ͻ35 years of age. This agrees quite well with the regression on age alone was significant and positive (increasing age was findings: a strong positive correlation between log cotinine associated with increasing OF; P Ͻ 0.0001). The correlation and OM, after correcting for age, for younger women. In coefficient was 0.68. A similar regression on log follicular contrast, in women aged ജ40 years, the cotinine effect is fluid cotinine alone, however, was not significant. Stepwise negative: the OM decreases with increasing cotinine. This weighted individual regression on both age and log follicular result suggests that a deleterious effect of smoking becomes fluid cotinine showed that both entered positively into the detectable in older women; this is discussed in detail below. regression and both were significant: age, P Ͻ 0.0001 and log OF was used as an independent and objective measure of follicular fluid cotinine, P ϭ 0.0065. An ageϫcotinine term, oocyte maturity, since human oocytes that are mature have a however, was not significant. These regression results for OF higher probability of achieving normal fertilization than immashowed, after adjusting for age, increased OF coincided with ture oocytes (Van Blerkom et al., 1994) . We found a significant increased cotinine. This agreed with the above regression results for OM. but non-linear cotinine effect on OF in the older age group, but no effect in the younger group. The regression findings Sterzik et al., 1996) . Only one study found reduced pregnancy rates in smokers (Harrison et al., 1990) . show an age-corrected cotinine effect. The separate OM and OF results generally agree, showing strong, age-corrected positive effects of cotinine. Perfect agreement is not to be Effect of advanced age on OM and OF expected since the OF results should also reflect the male In our study, the effect of age on OM and OF shown in the contributions. It is noteworthy that the strong effect of age is regression analyses is stronger than the cotinine effect; the pervasive in all these analyses.
latter's strong effect is revealed only after correcting for age. The effect of cotinine on the proportion of oocytes which These results show that, unless corrected for, the strong age are mature, found in the above OM and OF analyses, supports effect can mask the possible deleterious effects of cotinine. a previous cytogenetic study (Zenzes et al., 1995) . This study
The negative effects of cotinine on OM at advanced ages found a higher proportion of mature oocytes in metaphase II (ജ40 years) may represent a cumulative effect of long-term which gave cytogenetic data in smokers, compared with nonsmoking. smokers. In this study, however, age was not considered in This finding of an effect of age is supported by studies the analysis. A possible mechanism proposed was that the which analysed age and smoking effects together on IVFoocytes of smokers have an earlier delay in maturation and, embryo transfer outcome. Sharara et al. (1994) reported dimintherefore, are less mature at the time of retrieval. At the time ished ovarian reserve, defined as decreased ovarian responsof fixation, 44 h later, these oocytes have matured in vitro, iveness to external gonadotrophins, in active smokers aged while those of non-smokers are already degenerating and between 35 and 39 years, compared to age-matched nonbecoming less suitable for cytogenetic analysis (Zenzes et al., smokers, suggesting that smoking may accelerate this age-1995). In the present study, maturity was assessed at the time dependent process. The earlier natural menopause experienced of retrieval, and the data do not support the above hypothesis.
by women who smoke (Midgette and Baron, 1990) suggests The reasons for an increased OM in younger smoking women that smoking accelerates follicular depletion and oocyte atresia are unknown to us and remain to be elucidated. in older women. Hughes et al. (1994) found that female age The increase of OM in younger women due to smoking, ജ35 years had a negative impact on conception; combining found in the present study, was significant but relatively small, all the published data suggested a significant deleterious effect i.e. from~51% to~62% (Table II) . Thus, one would expect of smoking on time to conception. The study of Sharara et al. that it would have little or no significant effect on embryo (1994), together with our present findings, provide strong quality and pregnancy rates. These women, on average, already evidence that advanced age permits the effects of smoking to have more mature fertilized oocytes than the number of become clinically detectable. embryos usually transferred, before smoking effects are considered [i.e.~7.1 oocytes are expected from women aged 24
Effect of age and smoking on number of oocytes years; at least 70% (see Table III ) of these should be fertilized:
Using the regressions of oocyte number on age, we found that 7.1ϫ0.7 ϭ~5 mature fertilized oocytes per woman]. This both the numbers of retrieved oocytes and of mature oocytes expectation agrees with most studies on smoking and IVFdecreased by approximately 50% between the ages of 24 and embryo transfer outcome. Three studies reported reduced rates 42 years. However, a cotinine effect on the number of retrieved of fertilization in smokers (Elenbogen et al., 1991; Rowlands or mature oocytes was not found, even after correcting for et Rosevear et al., 1992) , but they used relatively age. These appear to be the first published data on the number low numbers of patients (range 41-71). In contrast, six studies of mature oocytes in IVF-embryo transfer in relation to age. using larger numbers of patients (range 54-650) did not find From our data, we estimate that, on average, the number of a reduction (Trapp et al., 1986; Harrison et al., 1990 ; Pattinson mature oocytes drops from~7.1 at age 24 years to~3.4 at age et Hughes et al., 1992; Van Voorhis et al., 1992;  42 years. This marked reduction in the number of mature Sterzik et al., 1996) . Two of these six (Harrison et al., 1990;  oocytes in older women has major implications for IVF- Hughes et al., 1992) , and the present study (n ϭ 234), found embryo transfer outcome, as discussed below. increased fertilization rates in smokers.
Our finding of no cotinine effect on the number of retrieved Further support for our present finding is given by a recent oocytes agrees with a majority of other studies in finding no study on the effect of follicular fluid cotinine concentration such effect of smoking (Harrison et al., 1990; Elenbogen et al., on embryo quality (Zenzes and Reed, 1996) , where it was found 1991; Pattinson et al., 1991; Hughes et al., 1992 ; Rosevear that follicular fluid cotinine concentrations were positively et al., 1992; Sharara et al., 1994; Sterzik et al., 1996) . The correlated, in a dose-dependent manner, with embryo quality. study of Van Voorhis et al. (1992) found a significant (P Ͻ The proportion of fragmented embryos decreased with increas-0.01) decrease in the number of oocytes retrieved in smoking ing concentrations of cotinine. These results suggest that women, with no difference in nuclear maturity between these embryos developed from oocytes of good quality, thus smokers and non-smokers; however, this study included only confirming our present OM finding. There is also support from 18 smoking and 36 non-smoking women. Hughes et al. (1994) a majority of studies on smoking and IVF outcome. These found a significant increase in the number of retrieved oocytes report similar rates of pregnancy between smokers and non-(P Ͻ 0.05) in their smoking group, but found no increase in smokers (Trapp et al., 1986; Elenbogen et al., 1991;  Pattinson the number of follicles Ͼ10 mm diameter suggestive of mature oocytes. Hughes et al., 1992; Van Voorhis et al., 1992;  
